Multimedia Appendix 2: Questionnaire Development and Validation
In this appendix we describe the process that was used to develop the questionnaire for measuring EDC adoption, as well as the final questionnaire. To be precise, we defined a set of features that make up an EDC system. An electronic data capture and management system in use in a trial must have some subset of these features to be considered an EDC system. 1) Subjects are randomized automatically, either through an automated telephone response system or through a web interface 2) Subject visit data is entered through a web interface into electronic Case Report Forms (eCRFs) 3) The on-line system has standard dictionaries for coding adverse events 4) The on-line system has standard dictionaries for coding medicationsData validation happens automatically when data is entered into the eCRF (either right away or when you press the SUBMIT button) -for example, to check for out of range values 5) Data queries can be generated, printed, and tracked to closure 6) Subject recruitment can be tracked on-line for each/your site -for example, you can see a graph of recruited and not withdrawn subjects over time 7) The completion status of each eCRF for each subject can be tracked automatically online -for example, you can see which visits have complete data and which still have incomplete eCRFs for each subject 8) You can print empty or completed eCRFs to maintain hard copies at your site 9) The eCRFs can be 'locked' once they are validated to ensure that they cannot be modified any more 10) An audit trail is maintained for all data entry and modification 11) You can view the audit trail for all of the eCRFs for subjects that you are responsible for 12) You have a unique account and password to access the on-line system 13) The password expires after a certain period and needs to be reset 14) The system will automatically log you off after a period of inactivity 15) There is an automatic reminder for a subject's next visit 16) The system allows you to track medication inventory at the sites 17) The system provides automated support for generating invoices to the sponsor when certain milestones are met for each subject 
Features of an EDC System
To start off with, we defined the following types of features based on the literature and regulatory requirements [1] [2] [3] :
• Data collection: randomization, data entry coding.
• Validation: data validation, and query resolution.
• Tracking and monitoring: basic recruitment tracking.
• Regulation: meeting the basic requirements of 21 CFR Part 11 for security and audit trails.
• Project management: medication tracking and invoicing.
The initial set of features are shown in Figure 1 .
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To validate the feature set (i.e., ensure that the features in each group are complete, and to prioritize the features within each group) we conducted interviews with 13 experienced study coordinators and clinical trial data managers (henceforth the experts). The experts had been involved in a median of 6.5 clinical trials that used an EDC system and have been coordinating clinical trials for a median of 6 years. The questions were written on 5"x1" slips of paper and arranged randomly on a table. The experts were asked to manually group the questions under the five headings mentioned above. Within each grouping they were asked if there are any other features that were missing, if any of the features were overlapping, and if any should be removed. Then they were asked to prioritize them within each group. The interviewees were also allowed to add new groups. To determine whether the interviewees' grouping of features matches ours, we performed a numeric cluster analysis. The distance matrix for numeric cluster analysis is derived from the incidence matrix as follows:
where is the distance between features i and j. The similarity is between features i and j. Similarity is defined as the proportion of interviewees who have placed features i and j in the same group. Miller [4] has shown that this is a metric distance matrix, and hence satisfies the criteria desirable for the application of numeric cluster analysis techniques [5] . We used the Ward linkage method [6] to cluster the groupings of the interviewees. The emergent five groups were: data entry, randomization, validation, tracking/monitoring, and regulations. . Each group can be described as a set of features
Let an interviewee's ranking be given by: 
Piloting the Questionnaire
The questionnaire resulting from the above process was then piloted by a different set 6 experienced study coordinators to ensure that it had a meaningful set of EDC features, was easy to understand and can be completed within a reasonable amount of time. Feedback from these coordinators was used to further improve wording and the layout of the questionnaire. The final questionnaire is provided in Figure 2 .
